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(57)Abstract: 

PROBLEM TO BE SOLVED: To most adequately 
control a pickling plant for obtaining an ordinary steel 
having excellent smoothness by determining the 
descaling efficiency of arbitrary plural parts in a 
pickling tank by using the values of the state quantity 
and operating state quantity of a steel sheet and 
determining the operating state quantity of the plant 
in accordance with the determined value. 
SOLUTION: A sheet thickness, sheet width, initial 
strip temp., scale quantity and line speed are inputted 
by a sensor 10 and the concn, of the hydrochloric 
acid to be injected and the amt. of the hydrochloric 
acid to be injected are inputted by a sensor 9 and the 
liquid temp, of the acid is inputted through a sensor 
11 to a monitor unit 7. The inputted data are 
subjected to the calculation of the optimum operation 
parameters by using a prescribed algorithm from 
these sets of the data by a calcurating system 8. The 
results thereof with respect to the soln. concn. and 
flow rate through the monitor unit 7 are transferred to a soln. concn. and flow rate control 
system 13 where the optimum values are freshly set. The sheet threading speed is also set 
at the optimum value by a sheet threading control system 12 in a similar manner. 
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cox h u yTi&mizmt^m^m&t i&^L. mi 
mu(r>:m&t. mtmizmiB^ti?>m(r>mm, mem 

mm.<r>wm.^^m-h^y^-h. wk^mm^^iz^. 
- HS.i^sr^«twASiWfrcox h y >y riag^^^§•tS7• 
(Tiim. . i ^ >-x tf- K \,zmti> fc . 
si«[<^)«R», wiW,m/x^-fvmzmthmiK<r>wm 
t ifir^ y hm.^'piz^^t-t^mcTy yhcTymmirm 
xh-iX. ^<r>Wji\,zwo<thmbn^-thmh<rm 
mi^himhfih^<nw>'jtx\m:thm(^s.ii. >)iuiea 
mmm^m^-fh^h %:mm.t-^hmt'r7yh<om 

fz^wm^^mtw& L x^mim<r>mwz^m, l 
Jtx'5^-;i'^i8ijfetc i or i^*^ai8?ifer 7 yY<m^ 

-Hmz^\\x . mt^^'kmw^i , 2auf46ov^-ri^ 

y:i^fmi:mmi&tmmiLx^mmm<mmiz^^L 

tzxjr-,uimmizx^xm^-t?>m^Tyyh<^mm 



(7)\,^-mMzim(/immizx -^x^noz t ^<^wib-t^ 

im^mi ] ^mt:^msmm.x'^L. m±m^ix 
fz^mm^i:immtmMLx^msmcrmmiz±^L 
fcx^~ji'iw^izxr,xf^-t^mi7'y y h<^mm 
ijmizi3\,^x. m^msa>^htiifz^sm^^xy 
-/i'i:mmmzmiLtiik. ix^'^x-immi. 2m/4 

j8ix^-/pjESiii^mMii*-j£. 

^izmsf-n^fk. m^mm^iZ'^LfcX'ir-MzM 
Lmmmiji:^ti>^si, m'^mmbmm-hs^ 

m<osmmmzmmL^j:*^t=mmti>zbizx ofnex 
ir-,\^t:m*-r&mkr^yh, mmr^yhni-ktii 

x-ir-/u^mi>zt5 V ^x . mmw^Ty y h iim^m s J: 

\izm^-r^^^~A>i'X*r~ivy\y~i}b. «sifj§ffi 

@«^*-r-s.ffiex^-;pj^^jEs^5Sig?-KMjt^<i(:fe 
b. mmwimm^m^smthm^sm^b. usm 

^tvt;:^m.mmm<r>xir-)Vt:mtm\.zWiiiri>^:^ 

-^)uxir^;uyu-:fib. ^mmmirmmttmL 

comcWbrnsmxir-Mkco^mmm^mmK^w^ 
mizamL^^ij^t^mm-t^^^b . trn'^m^mirm 
m-t&im^&b . B(rfi#ss!<s«SraffitfOTfiS*-^>± 

^m^m^'^i^^b. i:1S!Lt:W^yyyhb. m 

mmr^yh:b-htiifz^mmmi:7m-th^$ib. ktk 
mtifc^mm^ir^tm-t^^^b. imm-thmxir 
-/t^-W8jiifti(i(:*3v>T, mmmtT^yhiim 

[000 13 

^coRffit3^L/::iS^X:>--;U$:l^-ri>i?ar7V 
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[0002] 

m^comi} -mz^mmu immm) li. so o~ 
imLXi^^m^-^. <t^Rmizi*)xy~rt^im^ 

2 »K(±10»%SK*-C±#-r5. >I<^)^«. AR 

A R p <rymi\t.. hwm-t:> mL-fhmm<^<r> f e 

:t>'j8JS$rl 20g/l i:LT|g^:?*lTV->^. :L<n\ 
2 0 g/ 1 i: V ^ 5 ffiJi, X:Jr-;p;!,it-A:T^^ L . WSi 

m<m:T^^xm7.'r~)VifiWT-^h^^<r>w6m.^^z 
[0003] a^jsic*^^>{±-rix^cJ^^^^x § t . 

-fk*M<o«^7-f >xtr-K*iii<=5:-5/::%&h|Bl«(c 
[0004] W^\zii\yt\i. -eix-fixtoi^^fcit-^S 

[00051 !^Ba©59 -209415-^^f|}tc<±, |?felSJEffiiH 

^-mitjstcji wd^\^x'^-thmzmmmizxhm<rm 

m<n\mzm^\ ^xmmm<m.<msm.is. ^ mm-^ h m. 

Wra^i -254313 -f-i>^fitct4^^ff5i^ 

^^mm-h^zmL. ^<r>m.m-, m'mmf^s^f.zm 

t*s¥6-2i2462 ^^ikmz\mw.mm<<z±^^ix 
tzmm(r>^xzm'^\.\xm\m.bi§,^^^x.^j:i}'^t:>m 



m-fhumti^^5f:^ixx\>'^^ , 

[0006] 

3 1:: . fix Jt'ft ^ cOv- 5 ^ - ^-fb? -trtxJf i t -xDA^ 

[ 0 0 0 7 ] LT , ±iev ^m^^^ffl^jtc i>wmm\^ 

mi^^iXX\-^^£\^. 

[0008] im^<n^m,i. WL:^'>--Mk(r>^m'mz 

m>z^n^r)\^zf^}xj^^ ^tis-tt^asiar^yh 

[0009] 

**^«(7)tjbPf+jST 1 0 0%\,z^j:h J: 0 izTv > h 

[0010] ji^«oa«i^fc:j3»tsfiji^aif^<i. 

-H, isn. w^, x-^r-ivmmtmitLtz^. z<r> 
Tii'^') XM,^m\^x~r^> hoa^^x'* -&a«a . 

A R P t^hcowm^ . ^StfiAaco ^ti^ fc'iXTt'ft^ 
[0011] *^BBI4, «l«c7)fl|Jlf , X^-/U» 

hmwim\,zhh. 

[0012] 3*:^HBJ4, SS^*iOS?iOj|IS. i^fflg. 
[0013] M«-r^l?c0ffl;{4. *)<^*>tJ6M-<f iOjSJS 
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[00141 ttjp#jStcj3(t-s.iK^ir-/i^^6^*n 0 0 

[ 0 0 1 5 ] *^BB»4. SiJ^cO^, 

^L. ^<7)mizX'^\<^xy'^yhi:M^-r&^iit:mWi 

[0016] ^^ma. mm<r>mM. mm. 
X'itm^tihmm<7)^mA^mm-h-i: yv~t. «sc 

as. ntLKHmzy-^y^^, :xy~)V^\y~i]~ 

-t. mmms.<^m^m\'^xmmtmm^(DtiM<om 

m^'^iz^iXi-?>m. mtiii-?>mf52ix/^<o^^xim 

-?-fL5rj«»jS0jg-ri fcici 0Hiriei?gfcifi*)«isssta5^ 

ffli¥SSr^s .1 h -t^mmr^yhizh h , 
[0017] *i%BBj±. mmszm.-fhm.<m^iii. 

xKm.^t\.hms.<r>wm.-if~T'7 y v^m,^\,zmct^ 

mikT'7yY<rMmjmzii\^x. hhti^z^W^U^ 

^%x\m:th^<rim.i. ^mm&m&&.^m^h^ 
[0018] immt. wsmzm.'thm<mmi^ 



=7yv<r)m^m?m&.^^\^. ^<nmzm-5\.\xy 
[0019] *^Bj{i^ ^wmmtm^wny^'r- 

9y9<T^±.m.m-hT^m'^m'^^h^'^%h ^^x.tz 

it^fiictji^T. 'msmrr'yyv\mmzi.-^xmi. 

msmm?:^-r^ ^ t i}^x^ h , 
[0020] ^^imm^mm-hm^mmLt . 

fz'^mimmm<r>X'y-i\^^immi.zm^-th;<:^-:^ 

9y9b mtm^^-)i'm>mmsm^mm^<^^ y^^ 

<rmmw,z\m x.tn-b'^t^mm- ^^mt tmmmm 

ws^^t^^^b^rmtfzw^y^yhb. mmtT^y 

^immizi5\,^x . mwmty^yummzx-^xm 

[0021] :^^mit. ^mmir^mmxsmL. 
usm^nt:'msmi:mmbimix«mim<r>m 
mizms.Ltzxy-fi'irmtizj: ■oxmi:-ti>Widiy^ 
y h <Dmm:)mizis\ ^x . mmmi:mm(r)W^i,z i -? 
x'i7oi>(OX't>^. 

[0022] *%«iJ4. «jiMiS-»©flB©iSTE®L, 

mE^^titz^mimmmbmiix^m$m<7m 
mi>z^Ltix^-fV'i:mmi>zj: -oxm^thmty^ 
yh(mm:f}mizi5\<^x. mzBamib^t^iiifz^imm 
m.m(r>xir-)Ui:tmmzm^i.rdk. <>:vvT«<7)ig 

nrnm-umzh^. 

[0023] 3js%B«f4. »raJEii«T'Effit^>:^jiia^ 
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[0024] ^r)v^') xMzx ^mmcDtzMzii. 

ri=l,/V 
r„= 1„/V 

[0 0 2 71 mig?<OAOP<Oiag5:To. JiiPcOiag 
S-Ti, IS2gP<OAOP«0©^^rT,.{fJPOia«S:Tj. 



[002 5] ^zx'mimt:iim^z^mLx^z.h. 
[0026] mm<^x*)uij>t,. ^ii^ti<n^t: s- 1 

,. l2-ln . SiagSrC,. C2-C„ , mw^^i^ 
JSS-ti. tj-t„. XhU-7 7^B#^S-r, . rj- 
v„. WSXV'J -/T^M^e (0) , 5j6aa<9 {f),x 

ir-ji-m.yi <o) , ^-fyxf-Kv, |Eftf53**«, y^. 

hU-yT-ifc^C (1) , ARP*>(^cO?iABg©gC„.,. 

• ■ (1) 

••■{2> 

mngp{Ci3{tSA'9P«OiaK^T„.i. aiP<OiaK?&T 

- (3) 



•+ 1, 



+ 1,+ l3"+ 1, 



Ti = ^f-((9,-6'o)Xexp(-2xaX 1 , 

/(CvXdXVX6 0x7 8 5 0)) 
Tj = ^f-(<9f-<9o)Xexp(-2X«X( 1 , + 1 j) 

/(C„XdXVX6 0X7 8 5 0)) 
T„-i=<9(-(6'f-Oo)Xexp(-2XaX( 1 1+ I2 + \y 

/(C^xdxvx60x7 85 0)) 
T„.,=<9f-(<9f-^o)Xexp(-2XaX( 1 
/(C„xdxVx60x7850)) 

ti= (To+T, ) /2 
t2= (T,+T2) /2 
t„-,= (T„.2+T„.,) /2 
. t„= (T„.i+T„) /2 

l^ngPT' QXC„«,=QXC„ + r„ 

aP^n-l^T QxC„ = QXC„.,+rn-i 

Il2a5"r' QXC3 = QXC2 + r2 

l^lgp-C QxC2 = QxCi+ri 

FeO+2HC l=FeC I2+H2O —(16) 



... (4) 

•• (5) 
1) 

- (6) 

1+ 1„) 

- (7) 

- (8) 
... (9) 

(10) 
(11) 

(12) 
(13) 
(14) 
( 15) 



tzfiL:i^X'<^^mi. (Kg/min) 

m^-rhzbi}<x-^h. Xn litntoXx/c^commx'S) 
(12) iicjzm-ti>~<xfjm^t^'^^mt>zc„i:m 

(GO 28] Hn-lgPtcfcV^Tti. ffi,«(Cig«T'^4 
QtJj;t^ng|5(ciJV^T«46/v!C„ *3j:tJfX„-, tc^^-ri* 



•••(17) 

t„-iijj:i/Cn., (?)MSfc5*:=&5^: (13) wtA-ri>t 

n h mat: C „. , >5r 0 ©mic C „ . , 

tA^T'^l.. ^^^5■WS»:i^'5Jg■rc:i:^::J:0&'iSt^il*I^O 
KiiS^^Cn, C„-r -Ci t5j:iXffii;^ir-/l'SX„. 
x„.,-Xi$-*i6s::i:**T'it-6. x„(;Bg-r&s^<7) 

14. tztumh-imx. mi!ii)-^mAX'hhi%-^. 



(6) 
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X„=l 



[0029] 

3 3 28X1 0'Xexp(-7 1 68/(27 3 + t))x l„xhxC„ 



X2 



mn-lgiJT' 

m2^x' 



- ( 18) 



Y„ = X„Xr„/ ( l„Xhx2) 
Y„., =X„.iXr„-,/ ( l„-iXhx2) 

Y2=X2X7r2/ ( l2XhX2) 

Y,=XiXri/ ( l,XhX2) 

mi^tantx' z, =Y,/Xa 

m2gB{iJPir Z2= (Y,+Y2) /Xo 
UnaJaiPtT Z„= (Yi+Y2+- + Y„) /Xo 

-vy^mi^tfy. -f-n^tajpftiSfctJ^^t: i o o%ft 

t„, C„.,. Q, Vtc>'•Y-^V^-•y^?Sr*^{tTl..r i:tC 

[00 30] ^Jtr^yNoaiK^®. /ifci.«f7>f>' 

xe-KV. , ARPOtg:>3TS)I.C„,, , Q 

V • dC„ = Q • C„M • dt-Q 

V • dC„.,=Q • C„ • dt-Q 



(19) 
(20) 
(21 ) 
(22) 

(23) 
(24) 

(25) 



-^izy >f - hV-<-/ ^ $-l*--en*iaiP#ifiT- 1 0 0%tc: 
[003 1 ] t'cr>J^^ ;<-^i:^^t^^tHi XK^(r)t><r> 

^C„»i. Qi5XX/0fX'hh. 
[0032] ^ai^it'fcljS^SB^iaJi, 
C„ • dt-r„ • dt - (26) 
C„-i • dt-r„-, • dt - (27) 



V • dCi=Q • C2 • dt-Q 

[0033] ^fcm,:^y~ y y:^eDm-mi. ^mmx 
y y:}^m<^mmf^x'<r>-»^'mix'^ ^ . -r^r*> 

m.mx'^nm::^-tr-'')yymi}^MJL^^hm^\±. ^co 
mmx'mmzm:^^-ji'ifimn LXK^iztiz^o. 

[0 0 34] c:<oJ:d^rSlf^*»f>. SjIS^JW^n-^^-:? 
[00 3 5] 

( llJfE^J 1 ) la 1 ti , *T/W::f U Sr^ii Li^cl?gl^ 
SSrS^-r. «K4g. *J»J 

H. ARP (ismiRv-XT^A) A-ib^aAJSKjgJS. A 
R P ^><7)lggia Aft<7>tif8*<-fe y^-^ 9. 1 0 ai L 
Ti£^I:i-vh7tC-fy7-y h$fL4. ^y^- yb^il 



Ci ■ dt-n ■ dt - (28) 

^mmrti'd^) xj^i:m\-^xm.m^£m^^m^mM.^ 

DXAcoi*imi. i^m<DmX'^Lt:i:iS*)X'$>i>, ^y 

[ 0 0 3 6 ] 0 uc^ L/::cD{i, ij'f^ u:<r^os?aii 

T-ftS. Kift«{±3«*3t(i4tt*>i?>^'9, IH«{i#ift 
<rmmzWtM.^ti.X V ^ I. u-/Ptc J: -5 T3a^ $*iT 

tf)tcjS«?c^A*)Pt:*3V^T«, S9«cJij8;^Ofi£v^B!?Kt 

mmmi\,zmvt^m-h^(r>ms.\mm 

[ 0 0 3 7 ] -fe y-t- 9 iiAiSIgjftS , iSKiiA 



(7) 
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[ 0 0 3 8 ] HI cOHIIJijaoffifiSr. ^tifflfficOcE 

[0040] 02 ii*S|HJlcMf 6Steg8m<7)«f^ 
-^'S:lwm:»)L, -5V^-CBua2iD^ ( 1 ) - ( 2 5 ) 
<7Mt<, 1 0 0- 10 5%coasHicAoTV»&i&a-<i:. 

[0041] 03Ji*»HJtcM-r&i3ffl>'N"7^-^TJ) 

n-f--r-h$-^-r. ^SJei;^^-'Ji^^¥An 0 0- 
105%tc=5r^^T'aiEL-CV^^>:*^ t 

^t>o xir-ju&t/^itL. H4oa^T^ ( 1 ) t;^ 
1 0 0-1 0 5%<r)^mx'3r)tnt-^<oi.t<7)mm 

[ 0 0 4 2 ] 0 5 immz^ -yx^tbtiMtmmtm.x 

^-t. z.cr>mm^f>m'\mmmm.ii. 225-252111 
/Bin T-fcSTti^, ^(^mnxtiLmm^mn^-t 

Mi,zx-ox^tf>fzii<r>x'$^?>. meiz^-rxoiz^ti-^' 
ticnmi^^no b ^(ommm^m^m^-Ti'Z.t^j'^xt 
tfz^(r)Wii^^froCLtizX':>x<$:(rm^m^tX' 

izm-^imimmm^^ ( 2 e ) - ( 2 s > srfflv^-c 



L^tri©^. < b > timmm^^WLiiii^. ( c ) «4 

[0043] (mmm2) m7Ri/m8tim^coy^y 

(0) 1 or, jgS^ ( f ) 85'C. x^-;^4X ( 0 ) 
0.0 7kg/m2. ^-f yxtr— HV2 5 Om/min , f^i 
fe3**a2 000 0kcal/m2h"C. XhV 'yTiiiMC 

(1) 0. 1 1 kcal/kg-C, ^miim(7)^^ 1 (n) 1«2 
0.7m 2S21.75m 31121. 75m 4«2 
6m. ARP*»i?><7)j±AHC 1 iiigd 1 80 g/1 . H 
C laEAftQSOkg/nin. ^^(ihlm. «Jf tO.OO 

XA-c^ai^/L-Hc icoiRm^mi. mmi>z}ini>-im.^ 

l^SClfcj&ililXSixS, Z<r>TH':fUX2^^mmLX^ 

HQtcs^-r. ztnzxi,tmc.m^tiihbz^x'<7^f^m 

y'x^- U 110 %T* 0 r^^^r- ij v^j^ 

TOl 0 0%iS:®;fCV^S. 1 0 0%*<f'x^-'J >-^^ 

^it&tiMz. x'^ i>rdifmcmtiin':&mxmmy'x-y 

-U i^:?^*?: 1 O 0%lCt-?-rv^*>^(mJ4^^.^:V^. 

mmfx^-vyi^mimio<r>mi.z^^'o. m 

mmizmmmm:fjmi3xx/'^(7)m^^ibm:^mzy ^ 
- hVN'y ^^-^^zkizj: 'omm^xsmx^ ^tt 

[0044] (KigjK^i-^m) 
SSngfT- C„ = QXC„,,/(Q+7996800 
0 0X2X l„xhXexp(-7 1 6 8/(2 7 3 + t„))) 
SIn-lgPT- C„.i=QxC„/(Q+7996800 
0 0X2X l„.,xhXexp(-7 1 6 8/(2 7 3 + t 
„-i))) 

m2^X C2 = QXC3/(Q+79968000 
0X2X ljXhXexp(-7 1 6 8/( 2 7 3 + tj))) 
MnrnX Ci=QXC2/(Q+79968000 
0X2X liXhXexp(-7 1 6 8/(2 73 + ti))) 

mnMX D„= (C„M-C„) X 56/7 2 



(8) 
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ISn-lgpr- D„.,= (CoM-Cn-j) .X56/72 
^2^T D2= (C„,,-Cj) X56/72 
mnSPf D,= (C„»,-Ci) X56/72 

i^lci: /i>il&®Si: LTfi, ( 1 ) ARP*»^>c7)igSS 
WS.^^7Lh ( 2) ?Ria2r^i.* (3)ARP*><b 

t J: 0 aiPf+jST<7)«fllBix^- y v^^^ i o 0 %jfi 
r.T=ff < J; 3tciaSL^»m{±%^ft=&rv^<i^2|s:|| 
B^cTjryl-i/D XA Srffll ^Ttf»-r S t ( 1 ) iO^f^tii 1 
80g/l*>^,3 2g/ltC < 2 > f0«|frc«8 5*> 

4>4 5°C13 ( 3 ) <0^f^T{48 Okg/min 1 2kg 
/Din t^i?. l?®llca-:J*^mmiOtt^^46^^i:*< 
T'§ & . H 1 Hi ( 1 ) *»^> ( 3 ) co^ttf^S- L;(t«^ 

{ 1 ) *3 J:V ( 2 ) comi^X'ii. mGm\f^T-^<r>Wl^ 

=5r<, ^<75«^ ( 3) iO^f^tcj; Or^yb^rn^^hD 

(2) iOMf^^JtKUJt^. ^T^Pd-'JXA^fflV^ 

*^St. ( 1 ) c7)Jif^T-i 5^. (2) c7)ti^T'8 0:^)■ 
T-^>■g.^t*%*»o/i. c:^i<^<7)Sg*^^^^fiM^&t 

( 1 ) <^ytM^i)<-m&mx-h&zbi}fhf)^t. cm^co 

[00451 ( ^mm4 ) 0 TSUHS ic^-r^^fT-K 
8fe^S^ffilK4'tC«i|i*U ni*><i> 1 . 5m iZ^itLfz^ 

^cottcrme^x-mmtm^'^ti^'k. 

m<7)TJi'zfvxj:.i:mmLxim-ttbmi 3iz^.-rx 
oiz. mmisu-y-v yvmiiStdtmcotiiaizii\^xii 
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tt'^ht^^, Z(r>i%^\,zt (otii,^m.t L-c{±, ( 1 ) 

ARPA^A>£7)tIKigS$rKi.|. (2) Jg^a^^i.?, 
( 3 ) ARP*-/i>coiglS£7)aAl:S:^;cS ( 4 ) ^-f 
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{48 0*»A>108kg/niin 'siiJn. ( 4 ) 2 5 0*> 
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imx y-ju$:f^^-t h fzibcommcwm^^x'imx' 
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[HI J ^mi<r)~mmm<,z-^j:hm,X';r-ivru-^7s(7) 
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[06] ^m^mza^hmmm^^^WiM^^Tf^ 
0. 

[07] *^H^(7)T;b:f'JXAtcJ:|,^3E*icOiaK, H 

ms'\^nmr)T)v^*}XMzxhmm<r>mi^. h 

C I fcJ:l^Fe?ggc7)^^»jff»^^^^-r0, 
[09] *5&HJOT;l- ^ >J X A J; I, l!abWl*|-C<0^« 

^■y- U >^<7)lt#$S«5:^-r0. 
[010] *?6BJ^7)r;^::^'UXA^^J:l,BJ^«|^■C<om 

[011] *^^<^Tyl':d-"JXAlCj;4gS**irtX'cO« 

[012] *^^c^r U J: SS^gfeWrtT'tOM 

[01 3] *5WB<^T;Pr''';XAtcJ:|,K^«rt-C<?)^ 

[014] :*:|6B3c7)-«5(gCTSr^-flBiX^— yl—J^SE 
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[017] ^^m-mmmt:m'tfstxir-)i'-}^fss. 
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